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ABSTRACT

Background and Objectives : Connective tissue growth factor (CTGF) is a profibrotic cytokine, which may play
an important role in the development of diabetic cardiovascular complications. ACE inhibition significantly
prevents cardiovascular events in diabetics, although the mechanism remains obscure. The purpose of this study
was to explore the effect of ACE inhibitors on the expression of CTGF and oxidative stress in the diabetic heart,
and determine the effects of long term treatment with ACE inhibitors on diabetic cardiomyopathy. Materials
and Methods : Thirty OLETF (Otsuka Long Evans Tokushima Fatty) diabetic and thirty LETO (Long Evans
Tokushima Otsuka) nondiabetic control rats were randomized into four groups for 24 weeks of treatment with
either ramipril (5 mg/kg/day, n=15, each groups) or saline (n=15, each groups). Results : The OLETF diabetic
rats had prominent perivascular fibrosis, as shown by picrosirius red stains, compared to the LETO nondiabetic
rats. ACE inhibition significantly prevented perivascular fibrosis in OLETF rats (p<0.01). Immunohistochemi-
cal stains were used to detect proteins for the receptors of advanced glycation end products (RAGE), CTGF,
collagen III and nitrotyrosine. Although there were no significant differences in the myocardiac collagen contents,
as found by measuring the hydroxyproline concentration among the four groups, the OLFTF diabetic rats had
significantly increased cardiac CTGF and collagen III protein expression compared with the nondiabetic rats.
The ACE inhibitor attenuated the increases in RAGE (-50.3%; p<0.01), CTGF (-37.5%; p<0.01) and collagen
III (-52.3%; p<0.01) expression in the diabetic heart microvascular area. The OLFTF rats showed marked an
increment in cardiac nitrotyrosine, a marker of protein oxidation. Ramipril also inhibited the expression of cardiac
nitrotyrosine (-78.3%; p<0.01). Conclusion : The present study shows a possible role of RAGE/nitrotyrosine/
CTGF in the diabetic cardiomyopathy of OLETF rats. The long term treatment of high dose ACE inhibitors may
have beneficial effects on the diabetic heart through both antioxidant and antifibrotic mechanisms. (Korean
Circulation J 2006;36:635—643)

KEY WORDS : Receptor of advanced glycation end products ; Connective tissue growth factor ; Fibrosis ;
Ramipril.
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Parameter OL-RMP (n=15) OL-CON (n=15) LT-RMP (n=15) LT-CON (n=15)
BW (g) 612.641.9" 668.8£37.1 479.4+23.5" 548.11£21.9
HW (mg) 931.1+39.9 1099.3£35.4 792.6+32.9" 934.9+15.6
HW/BW (mg/g) 1.58+0.01" 1.76£0.01 1.74 £0.03" 1.84+0.01
SBP (mmHg) 111.4+11.9° 143.5+25.6 100.8 £12.11" 127.4£10.21
DBP (mmHg) 89+48.5" 113£42.7 72.2+14.2" 98.5%£12.8
Glucose (mg/dl) 2131£48.5 2111+42.7 117.2£14.2 124.5+12.8

#! p<0.05 vs. conrol groups. BW: indicates body weight, HW: heart weight, SBP: systolic blood pressure, DBP: diastolic blood pressure,
Glucose: blood glucose level during oral glucose tolerance test. OL-RMP indicates ramipril-treated OLETF rats, OL-CON: OLETF control
rats, LT-RMP: ramipril-treated LETO rats, LT-CON: LETO control rats. Data are expressed as mean =SD
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Fig. 1. Upper panel shows photomicrographs of picrosirius red stained (arrow) control OLETF rats (OL-CON) (A), ramipril-treated OLETF rats
(OL-RMP)(B), control LETO rats (LT-CON)(C), ramipril-treated LETO rats (LT-RMP)(D). Ramipril attenuated the periarterial fibrosis. Lower
panel shows perivascular fibrosis area fraction. Magnifications, X 200. *: p<0.01 vs. control, OLETF: otsuka long evans tokushima fatty,

LETO: long evans tokushima otsuka.
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Fig. 2. Immunohistochemistry for collagen III in the hearts of control OLETF rats (OL-CON)(A and E), ramipril-treated OLETF rats (OL-
RMP)(B and F), control LETO rats (LT-CON)(C and G), ramipril-treated LETO rats (LT-RMP)(D and H). Positive staining is shown as brown
color (arrow). Lower left panel shows the image quantitaion of stain intensity of periarterial area. Lower right panel shows image quantitaion of
stain intensity of myocardial area. OD indicates optical density. Magnifications, X400. *: p<0.01 vs. control, OLETF: otsuka long evans

tokushima fatty, LETO: long evans tokushima otsuka.
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Fig. 3. Immunohistochemistry for CTGF in the hearts of control OLETF rats (OL-CON)A and E), ramipril-treated OLETF rats (OL-RMP)(B
and F), control LETO rats (LT-CON)(C and G), ramipril-treated LETO rats (LT-RMP)XD and H). Positive staining is shown as brown color
(arrow). Lower left panel shows the image quantitaion of stain intensity of periarterial area. Lower right panel shows image quantitaion of stain
intensity of myocardial area. OD indicates optical density. Magnifications, X 400. *: p<0.01 vs. control, OLETF: otsuka long evans tokushima

fatty, LETO: long evans tokushima otsuka.
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Fig. 4. Immunohistochemistry for RAGE in the hearts of control OLETF rats (OL-CON)A and E), ramipril-treated OLETF rats (OL-RMP)(B
and F), control LETO rats (LT-RMP)(C and G), ramipril-treated LETO rats (LT-RMP)XD and H). Positive staining is shown as brown color
(arrow). Lower left panel shows the image quantitaion of stain intensity of periarterial area. Lower right panel shows image quantitaion of stain
intensity of myocardial area. OD indicates optical density. Magnifications, X 400. *: p<0.01 vs. control, OLETF: otsuka long evans tokushima

fatty, LETO: long evans tokushima otsuka.
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Fig. 5. Immunohistochemistry for nitrotyrosine in the hearts of control OLETF rats (OL-CON)(A and E), ramipril-treated OLETF rats (OL-
RMP)(B and F), control LETO rats (LT-CON)(C and G), ramipril-treated LETO rats (CT-RMP)(D and H). Positive staining is shown as brown
color (arrow). Lower left panel shows the image quantitaion of stain intensity of periarterial area. Lower right panel shows image quantitaion of
stain intensity of myocardial area. OD indicates optical density. Magnifications, X400. *: p<0.01 vs. control, OLETF: otsuka long evans

tokushima fatty, LETO: long evans tokushima otsuka.
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